The so-called "DNA-puffs" are a characteristic and exclusive feature of sciarid polytene chromosomes. A number of descriptive and comparative studies on these structures have been carried out over the last two decades both in Rhynchosciara angelae and in Sciara coprophila. They have revealed the fact that concurrent with puffing at these sites an excessive and disproportionate synthesis of DNA occurs.1 2 It has also been suggested that these events are somehow related to development,3 a conclusion which has been recently contested.4
The so-called "DNA-puffs" are a characteristic and exclusive feature of sciarid polytene chromosomes. A number of descriptive and comparative studies on these structures have been carried out over the last two decades both in Rhynchosciara angelae and in Sciara coprophila. They have revealed the fact that concurrent with puffing at these sites an excessive and disproportionate synthesis of DNA occurs.1 2 It has also been suggested that these events are somehow related to development,3 a conclusion which has been recently contested. 4 Much of the confusion that exists in the literature with respect to the significance and nature of the DNA-puffs is simply due to a lack of precise data at the morphological and biological level. Recent studies in our laboratory demonstrate that, contrary to a widely held conviction, the DNA-puffs are not just illdefined, chance manifestations of some kind of cellular "senility" preceding histolysis. To the contrary, a number of facts attest to the general significance of the DNA-puffs: (1) They always arise from specific points in the salivary gland chromosome, usually a pair of light-staining bands or the space between the two.
(2) Unlike the situation found in RNA-puffs, the DNA unfolds into a characteristic network shaped like a flat saucer. (3) Disproportionate DNA synthesis involves a number of additional rounds of replication. (4) The excessive DNA is not shed from the chromosome but seems to remain integrated. (5) During the process of puffing, DNA synthesis is almost constantly observed in other regions along the chromosome but at a much lower level of magnitude. (6) There are clear-cut and constant differences between the anterior and posterior portions of the salivary gland with respect to the development of specific DNA puffs; and the intermediary portion of the gland does not form any puffs at all. (7) The sequence of DNA-puff formation in metamorphosis is typical and constant. (8) DNA-puffing as a process is intimately linked to a change in salivary gland metabolism which takes place during metamorphosis (pupal molt).
The present paper deals with the relationship of DNA-puffing to metamorphosis. By injecting ecdysone into early fourth instar larvae, we were able to demonstrate that DNA-puff formation is under the control of this hormone: within a period of 24 hours the characteristic and complete complement of DNApuffs had been induced in the salivary gland chromosomes. For the youngest larvae injected, this represented an induction that was six to seven days ahead of schedule.
A remarkable finding regarding the DNA-puffs of Sciara coprophila was recently published in these PROCEEDINGS,4 namely that metamorphosis without DNA-puff formation could be obtained by cortisone feeding. Furthermore, the authors challenged the phenomenon of chromosome puffing in general as a signifi-cant feature of gene activity. Because we have been unable to confirm in our laboratory the reported effects of cortisone feeding,5 and also because of the similarity in molecular structure between ecdysone and cortisone, we decided to extend our original experiment in the following way: (1) to inject cortisone instead of ecdysone as a test substance and (2) to inject simultaneously equal amounts of ecdysone and cortisone. On the basis of this group of experiments it should be possible to tell whether cortisone can act as a substitute for ecdysone in DNA-puff induction; also, whether there is any antagonism between the two substances when they are introduced together into the test system. Materials and Methods.-(a) Fly stocks: S. coprophila was chosen for these experiments because of the extensive cytological and cytogenetic studies made previously on this species (see Rieffel and Crouse6 for developmental data and Gabrusewycz-Garcia7 for DNA synthesis in salivary gland). By means of the sex-linked markers, "Wavy" and "swollen" male-producers could be distinguished from female-producers, thereby making it feasible to use female larvae exclusively in these experiments (the female salivary gland is cytologically superior to that of the male). All material, both experimental and control, was kept at 20'C.
(b) Cytological and autoradiographic techniques: Squashes of the salivary glands were made according to the method of Nicoletti8 and stained either with lactic-orcein or by the Feulgen reaction. In the case of the autoradiograms, the glands were dissected in Cannon9 medium which contained H3-thymidine (spec. act. 8 c/mM) at a concentration of 10 Muc/ml. After 10 min in the radioactive medium, the glands were fixed in alcohol: acetic acid (3:1), squashed in 50% acetic acid on gelatinized slides, stained by the Feulgen reaction, covered with Kodak autoradiographic stripping film AR 10, dried, and stored in the dark for 2 weeks. The films were then developed in half-strength Kodak D-19, cleared, dried, and examined without cover slips.
(c) Ecdysone and cortisone microinjection: The ecdysone injections preceded those with cortisone and extended over a 5-month period. It was in connection with this work that a satisfactory system for microinjecting Sciara larvae was developed. For each individual injected, the exact amount of solution to be injected was expelled from a Hamilton syringe and sucked up from the syringe tip into the glass needle. Two different Hamilton syringes were used, one for ecdysone and one for measuring the Drosophila Ringer to be injected into control larvae. The same batch of ecdysone solution was used throughout. The synthetic crystalline material (100 ,ig) received from Prof. P. Karlson was moistened with a drop of methanol and dissolved in 1 ml of Drosophila Ringer by heating gently in a water bath at 670C. When not in use, the solution was stored at 4VC. At one point in the work we encountered some unexpected negative results which were finally traced to crystal formation in the solution. In the later experiments the solution was routinely heated for 10 Because of its greater solubility, hydrocortisone (Pfizer) was used instead of cortisone acetate (see Cortisone feeding below) in the injection experiments. As in the case of ecdysone, the crystals were moistened with methanol and then dissolved in Drosophila Ringer at 670C. Two different solutions were used: one (103.9 ,ug/ml) was comparable in concentration to the ecdysone solution; the other (207.8 qg/ml) contained twice as much cortisone.
(d) Cortisone feeding: The cortisone feeding experiments will not be considered in detail; however, some of Miss Ashley's5 results will be discussed in relation to our own observations. In her study she used two different cortisone supplements: the one (designated "CA") that was reported by Goodman et al.4 to yield optimum results con-PROC. N. A. S.
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GENETICS: H. V. CROUSE tained 500 mg cortisone acetate (Robinson), 2.5 gm Brewer's yeast, 5 gm straw; the other (designated "CB") contained twice as much cortisone acetate. The experimental larvae were fed continuously on supplement from the time of egg hatching until metamorphosis; control larvae were fed the plain yeast-straw mixture. Salivary glands were dissected (for squash and autoradiographic preparations) from a number of experimental and control larvae when they reached the stage at which DNA-puffs are fully developed. This stage cannot be readily assessed on the basis of any single external trait; we used three traits, including eye-spot size (maximum), color of gut contents (amber-green), and transparency of body (posterior end becomes opaque). The larvae which were not dissected for cytological study were allowed to emerge and their fertility was tested.
Results.-(a) Ecdysone experiments: The cytological data presented in Figures  1-7 show that when ecdysone is injected into fourth instar larvae of various ages, the effects produced within 24 hours on the salivary gland chromosomes include:
(1) induction of the characteristic DNA-puffs and (2) induction of DNA synthesis all along the chromosome.
Experimentally, the first effect was far easier to demonstrate than the second:
':H)E S~"b ( i aside from having a successful system of microinjection and an active, nontoxic hormone preparation, one had only to know how to distinguish, on the basis of external traits, fourth instar larvae in which DNA-puff formation had not yet been initiated. To demonstrate the second effect required extensive and exact knowledge of DNA synthesis in the salivary gland: a developmental stage had to be found in which there was no appreciable DNA synthesis in the gland. This involved autoradiographic study of glands removed from a number of developmental stages. Seven different stages were examined before it was realized that the period three to four days after third molt was one in which H3-thymidine incorporation was usually absent. Further study confirmed this point (see Table 1 ); at least 98 per cent of the nuclei show no DNA synthesis. Such a nucleus is seen in Figure 2 ; in this autoradiogram there is only one silver grain (background) located just below chromosome end Hf.
The autoradiograms prepared from larvae injected with ecdysone at three days post third molt and dissected 24 hours later are markedly different. Under these conditions most of the nuclei (227/260 = 87%7) in the anterior and posterior gland segments show the pattern of DNA synthesis seen in Figure 5 : the DNA-puffs are present and are literally black with silver grains from incorporated H3-thymidine, and there is active synthesis all along the chromosome. A VOL. 61, 1968GEEISH.VCRUE97 similar situation is found in the gland (Fig. 6 ) of uninjected larvae at the end of fourth instar when the DNA-puffs are undergoing their normal expansion. To make sure that the general DNA synthesis along the chromosome was an ecdysone effect and not caused by the injury of microinjection, autoradiograms were made of five pairs of "control" Ringer-injected glands; the "control" autoradiograms were indistinguishable from those of uninjected three-to four-day post third molt larvae (see Table 1 ).
At the outset of this study, when we were simply trying to answer the question of whether ecdysone would trigger DNA-puff formation, we selected larvae which were considerably older than three days post third molt because of their greater size and suitability for microinjection. As our skill increased we used younger stages. Altogether, squash or autoradiographic preparations have been made from 160 ecdysone-injected larvae, the majority (85) 24 hours after injection. These 85 individuals represent various stages of fourth instar ranging from threedays post third molt to what we term "small" eyes (larval eye spots visible at 6 X magnification). The results obtained over this range were essentially the same: within 24 hours the complement of DNA-puffs characteristic of the particular gland segment (anterior vs. posterior) had been induced; and glands examined after longer periods of time (48 and 72 hr following the injection) showed puff development normally observed in prepupae or very young pupae.
To orient the reader, and also to show the variability normally encountered in fourth instar development, even at constant temperature, a succession of stages is tabulated in Table 2 . Not listed here are five eye sizes we used in staging the developmental period between eye spot formation ("kleine") and prepupation.
Another question that arises in connection with the ecdysone injection is the number of larvae which respond to the hormone. This, we believe, depends almost entirely on external factors and not on larval age. Once we had developed sufficient skill at microinjection and had improved the procedure, we were able to get consistent experimental results. Table 3 shows the data obtained from nine experiments performed on three different larval stages: among 58 injected individuals, 39 had formed DNA-puffs at the end of 24 hours; 11 died prior to examination; there were 7 negative cases; and one larva (designated by an Third molt to "kleine" (magnif. 50 X ) eye 6 5-7
"Kleine" to "medium" (magnif. 6X) eye 2.5 [2] [3] [4] "Medium" to beginning eye migration (c) Cortisone feeding: Of 16 pairs of glands taken from cortisone-fed larvae (one "CA" and one "CB" culture sampled) for cytological study (11 squashes and 5 autoradiograms), 12 showed normal DNA-puff formation (see Fig. 8 ).
The negative cases were four larvae among six which had been selected for dissection by M\Iiss Ashley, who is relatively inexperienced in this work. Of the ten individuals selected by my assistant, MIrs. Piper, all showed DNA-puffs.
The cortisone-fed larvae developed more slowly than the controls: in a comparative study involving 17 "CA," 25 "CB," and 37 control cultures, pupation it could explain why these investigators were led to believe that they had obtained metamorphosis without DNA-puff formation: the larvae they dissected for cytological study were too young. Discussion.-The experiments reported here demonstrate that DNA-puff formation is intimately linked to the release of molting hormone (ecdysone) and thus render unlikely the finding 4 that metamorphosis without DNA-puffs Can be obtained.
By increasing the number of available DNA templates, the DNA-puffs constitute an unusual mechanism for amplifying the activity of particular chromosomal sites. The kinds of RNA produced in these regions have yet to be identified. To the student, concerned with hormone-induced gene activation, it is of considerable interest that ecdysone controls the DNA-puffs of Sciara as well as certain RNA-puffs in Ch iror omus"' atid Drosophila.11
The stimulating effect produced by molting hormone on cell division has been recognized by insect physiologists for a number of years (see Schneiderman and 
